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(54) cnocoB i/iaroTOB/iEHnyi roopupo- 

BAHHOrO CTA/lbHOrO HJlACTblPfl 
(57)CytU«ocTb M3o6peTeHM9: TepMoo6pa6oTKy 
n/iacrwp9i lOKaMw bwcoko£^ MACToxbi ocyiMecr- 
8/iftK>T nocne ro<t>pMpoBaMiA«. a cm33ommwvi 
cj\oiA HaHOC«T noBTopHo noc/ie oxfla>KA€HMfl. 
npeA/»araeMb<i^ cnocoB noseonneT aa ever no- 
BbiuieHiiii nnacTMMMbJx cboP^:tb Mexan/ia na- 
Ae)KHO o6ecneMWTb repweTwaauwH) 
peMOHwpyeMOro yMacTKa CKBaJKMMW. i Ta6;i. 



MaoepereHMe othocwtcj* k o6pa5oTKe mc* 
Ta/^na AaoiieHvieM* b uacTHOCTrt k TCxHOAorMw 
MsroroBiieHUR ro4>pvipOBaMMux Tpy5. 

OcHOBHWMVi on^paun«Mvt b xexHonorHH^ 
CKOM npouecce HsrOToanenwa tohkoctchmux 
ro<t)PMpOBaMHWx Tpy6 »B/)neTCJi xonoAHaw Ae- 
<{>opMauMJi. ManpwMep BonoseMVte m npOKa-nca 
Tpyt, xwMw^cicaj? o5pa6oTKa. TepMwtecnaR 
o6pa6otKa a^ji ch«tm« ocTaTOMHwx Hanp5»)Ke- 
MwPi, B03MviicaK)iu»^x B peay/^bTBTe Ae<l>opM8' 

UMM W np04ivtAMpOBaHM« MeTOAOM HattaTKM. 

M3B€Ctl3H CnOC06 WSrOTOB/lCHMfl Tpy5 C 

npoAonbHb^MM ^o<^paMM nyreM AayxaranHoro 
<t>opMOBaHwn Tpy6w-3aroTOBxw. npuMBM Ha 
nepaoM dx^me ee ro4>pwpyiOT paAwanwHUMW 

yCM/lMWMM. a Ha BTOPOM 3X306 OS^MMaiOX B 
^pO(^H/lMpODaHHOl^ BO/iOKe. 

OAHaKO BoaHwxaioiuMe b peaynbxaxe 
cnowHO** AC<{>opMaL\Hci ocraxosHwe nanpHMe- 
hhh He Aa»ox AOCtaxo^HOH nonepeMHOft npoM- 

HOCTM, Mi^XanA CxaHOBMXCfl XpyniCMM M 



HcnpHroA^H B KaMBcxae .liiacxwpw npn pcmoh- 

T8 oOCaAHOi^ KO/IOHHW 8 CKBaMl^He. 

/1a« CH«XMfl ocxaxoMHbix HanpBiKeMi/>i?! xpy 
6wnoA«cpra»oxxepMWMecKOfi o6pa6oTKe - or- 
ymwrf e nenax Twna nCO-06 r:.0-09 w 
nonyMeHMfl Ha xpy6ax oicwCHOfi^ n/ieHXH. bw- 
nonH5itotMevt 4)yHKuwn noAwaaoMHoro noKpu- 
TMW M o6naAaK>iue(^ AociaroMHOM 
nopwCTOCXbK) w aACOp6m^OHMOCi cnocoOno- 
cxb<o K CMa3<e. 

HsBBcreH xaicijce cnCco5, npw kotqpom 
xoMKOcxeMHbie npo4>M/ibHbie xpyGw npaBPr 
pacTB)KeHMeM m pa3A3^ew c narpeBOM Ha ancK- 
xpoxepMHMecicoM o6opyAoeeHMH. CHanana aa- 
roxoBicy xpy6bi nerpeBdiox xoKaMn 
conpoxHBnoHMfl AO TSMoepaxypbi OT>Knra. a 
38xeM nocne ox/iaxAeHw* pa3Aa(or npn homo- 
aiM •coHWMecKov^ onpdBKM. 

HeAOCxaxoK cnoco6a 38ic/iK)Maexcfl o xom. 
»rro npvi HanoKeHwvi nnacxwpfl 1^3 Heoxoxcx<;eH- 
Hbix xpv6 '^o>«eT iipowcxoflwxb paapua no 
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nnacTwptt m3 oTOM>»^GHHbix ipy6 c nocne/iyK}- 
lUMM ro4>pM:poeaMMeM mo^kct nponcxo/iMib 06- 
paaoeaMwe.MiflicpoTpeiMMH bo enaAwnax m na 
ewcrynax opOAOflbHWx ro<frp npv» Ae<t>opMauvin 
MX AO UMAMWAOvisecKOi^ <J>opMW. KorA3 ee nnoi- 
HO npn^KMwam (HaKaxbiaaKDi) xiopHnpyiomeP^ 
fonOBKOvi K BMyrpeHMew^ noeepxHOCtvi o6ca;i- 
HoA KO/^oHHW. B peay/itTare ne o6ecneMMoa- 
ercft HaaciKHOCTb repMeTwaauviM wa-aa 
HM3K0M n/iacTMMHOCTvi Metaniia rO(|)pwpoeaM- 
Horo n/iacTwp*!. 

UenbK> n306peTeHti« j»B/iAeTC« noeuiue- 
Hwe HaAeJKMOCTM repMeTH33UMM o6ca)KeHMOi^ 
cKBaKMHU nyreM noBbiu)eHii« nnacTtiMMOCTw 
MeTanna n;iacTbip5». 

CyiuHOCTb M3o6peTeHi/iP aaK/ijo^aercj* b 
TOM. MTO TepMOo6pa6oTKy TOKaMU SbicoKOii Ma- 
CTOTbi ocymeCTB/iHK)T nocne ro<^pMpooaHi/»fl, a 
.aareM noBTopHO HaHOcnr cwaaoMMbi^^ cnoPi. 

B peaynbTare aHaKonepewenHbiX ae^op- 
waUMft, KQTOpwM noAoep<'aeicn MCranna Tpy6 
npw ro<>pt^p06aHHii kaK 6 npouecce i/tsroroB- 
iienviff naacTbipei?!. taic n npw paaAase e npo- 
uecce yciaMOBKvi B cKBaMcuHax. npowcxoAwT 
3Mam/iTenbMoe ynpOHHenvie Mexa/ina, npunew 
Havi6o/ibUjne swaMCHMn ynpOMHeHWw npMXOA- 
RTCR Ka BnaAUHbt ro<{>piipoBaHHbix rpy6. 

l/taMeneMvie raepAocTn (Hv) cranw MapKM 
10 npM repM005pa50TKe. ro<t>pMpoeaHMw m 
pasAa*^^ nnaCTbip» noicasaHo b TaS/iwue. 

i/\3 Ta6nviubi BWAHO, MTOTeepAOCTb Meran- 
na n/iacTb»p« noc/ie pasMaMU b o6caAHO»?i xpy- 
6e AocTuraer HawSonuuiMx SHaneHMCi, ec/ri^ 
n/)acTbipb waroTaenvtBancsi m3 HerepMOoSpa- 
eoTaHHOu. Tpy6w. Rpw waroTOBneHUM nnacTW 
pew H3 npeAeap*^!'^^**^^^ TepMoc5pa6oTaMMbix 
Kpyr/ibix Tpy6 npn ro4)pvipoBaHMv\ TBepAOctb 
MecKOf*bKOCHvt>KaeTCfl nocpaBMeHMioc Herep- 
MOo6pa6oTaHHbiMi4 aaroTOBKaMU. ho noc/>e 
pa3AaMM TBCpAocTb aoapacTaer rohtm ao tow 
xe Be/iMMMHW; MTO w 6e3 TepMOo6pa6oTKM. no- 
cne TcpMMHecKO^* o6p35otkh roct)pMpoBaHHwx 
Tpy6 c MarpeBOM tok3mw bwcoxom MacTOTw 
mepAocTb MX cHH)KaeTC» snaMHTe/ibHO. a no- 
cne pasAwMM ona MeHbiue. mcm y HeiepMOoe- 
pa5oTaHHwx. 

B oTTiMMwe OT ncMMoro nnt4 raaoBoro na- 
rpeaa npn o6pa5oTKe aaroTOBXn TOKanw bwco- 
KOA MacTOTw nponcxoAMT HeanaMMTe/ibHOe 
M3MeMeM\4e <t>opMw ee ^poc^v^nfl, Ha noeepxHO- 
CTM Tpy5w o6pa3yeTc« tohkmi?* cno^ oKanwMW* 
KOTOpbiM He oTcnaweaeTCH q npouecce Ae<t>op- 
MauMM - pasAa^M. CMaaoMHww cnovi HaHocwT- 

CP Ha BHyTpeMMlOlO nODepxHOCTb 
OTO)K>KeHHbiK H poAon bHO-ro<i>pv^poBaHHbix 
Tpy6 nocne i/ixoxnaxAeHWH. Oh npeAOXpaH^CT 
BHyrpeHHioK) noBepxHocTb ot KOppoanOHHOf o 
pa3pyujeHMj« b npOMecce aKcnnyaiauww m chvi- 
>KeMMn occobix ycMn»4M a npouecce paaAa^w 
nnaCTwpet^. 



n p M M c p Af^^ peMOHTa o6caA"Oi4 ko- 
nou^^ A^aMCTpoM 1 46 MM c To/imt^HoP» crewicw 
8 MM nnacTbipb w3roTa8nHeaK3T m3 iomkoctch- 
HOM TpydbJ lii^aMeTpOM 130 mm c toaoimhoiH 
5 CTCHKM 3 MM m3 CTann MapKH 10. A^wHa Tpy6w 

Ha BHyTpeHHK>»o noaepxHocxb rpybw na- 
hoc^t cnovi fpa(t)HT0D0H Mnw Apyoi^ CMasKw. 
npeAHa3HaMCHH0ut /xns\ CHMX<eHMw ycn/rviw roip- 
10 pwpoBaHMfl. ro(t3pvipoBaHwe unnwHApwHecKo^^ 
TpyOw nponsBOAt^T na cneuvianbHoii ycranOB- 
xe Mepe3 po/iviKOByio ro/iOBxy c SHyTpeMHeM 
npo4)ii/^bHo^i onpaBKOi?». flo/iyMaeTCR npoAonb- 
H0-ro<t)pMpOBaHMan Tpy6a c Hapy>KHWM jx^a- 
15 MeipOM IIGMMUMViCAtoM CQipp 6 8. 3a7eM 
npovi3BOAviTCfl pwxTOBKa ro4)pnpoBaHH0M rpy- 
6bi nocyie 0Tpe3KM ee na saAawMyio a^^^^'Y- 

SareM npon360At^TCa repMtmecxan o6p3- 
6oTKa npOAO/)bHo-ro<t>pMpoGaHHOM Tpy6bi - 
20 HopManvl3auMfl c narpeBOM roxaMw ewcoKOt^ 
MacTOTb! na ycianOBxe BMP 30/6. Hpvi 3tom 
npoAonbHO-ro<lJpwpOBaHHafl rpyOa ycTanae- 
nnsaeTCJi ropwaoma/ibHO na po/iwKOBbix ono- 
pax wi c onpeAeneHHOul cxopocTbH) 
25 npoABi^^'aeTcfl sepes MWAyxTop. 

Oxna>KAeHMe Tpy6bt npoM3BOAWTc« na 
B03Ayxe. CMa3Ka. koropaa 6bina Hanecena ne- 
peA ro<{>pMpoBaHMeM. BbiropaeT. 

TaK KaK B cKoa>KMH8 npM ycTanoBKe nna- 
30 CTbipfl s i/\HTepBa/ie peMOMia npowsBOAvncf? 
pasAa^a nnacTbipfl ao xpyrAOvi <j)opMbi m npw- 
>KatviR K cieHKe o6caAHOi?i TpyOw. to npw 3tom 
B03HHKaiOT 5onbUJi^e KOMxaKTMbJe narpysxK 

Me)KAy n/iaCTWpeM H WHCTpyweHTOM a^« P33- 

35 Aann. /i/ifl CHHXeHMfl 9TMX narpysoK na BHyr- 
peHHioK) noaep^HOCTb nnacTwpn naHocnTC^ 

BTOpMMHO CMaaOMHbm C/10I?I, KOTOpWVl C/iyJKWT 
KBK AHfl CHM^KeHMfl yClinM<H, B03HMKdK)mMX npH 

pa3Aa*^e n;i3CTb»pfl, tak m a/^a npeAOxpaneHwa 
40 SToi;^ nOBepxHOCTM OT xoppo3MOHHoro pa3PY- 
lueHMJi B npouecce aKcnnyaTau^^w. 

CoMexanvie repMviMeCKOii o6oa5oTKH n/ia- 
CTwpew nocne ro<t)pnpoBaMM« ii Han-^ceHwe 
CMaaoMHoro cnofl na enyTpeHHiOK) noBfe^.x- 
45 HOCTb nocne tepMMMecxoC^ o5pa5oTKM noaso- 
nfliOT noBwcuTb nnaCTHsnoCTb Meran/ia 
nnacTwp o5ecneMviTb OnaroAapfl 3tomy na- 
Ae)KH0CTe> repMeTwaauwM peMOHTupyewOii 

CKBa>KMHbt. 

SO 

ct> opMyna viaoope ieMviR 



Cnoco6 MsroToaneHMJ* ro<^PMpoe^MHo^o 

cranbHoro nnacTbip«. npewMymecToeHHO ahj^ 
55 peMOHxa o6ca>KeHHoi?» CKsa^Ki/iHbi. BKAfO^aK)- 
uin^t TepMOo6parjoTKy aaroxoaxn, HaHCceHMe 
CMaaOMHOfO cno?^ na BHyTpeHHK>»o noeepxHocrb 
3aroTOBKn w ee rot^jp^poaanwe. o t n w h a k) lu m 
c fl xeM. ^0*0, c ue/ibK> noewujCMHw HaAe>KHOCxiA 
repMetHsauMM o6c;i>KeHHOfi CKe.-^xuHw nyreM no- 
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BbiiueHMR nnacTMSMocTi/i Meranna n/iacTwpfl. ocymeCT8/i«iOT nooie ro(i»r'^poB3HM9. a saTew 

TepM006pft60TKy TOlcaMM OUCOKOrt saCTOTW nOBTOpMO HaMOCHT CM830««r,U»^ C/IOM. 
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(54) A METHOD FOR 
MANUFACTURE OF CORRUGATED 
STEEL PATCH 

(57) Essence of the invention: heat 
treatment of a patch by high-frequency 
currents is performed after corrugation, 
and a lubricant layer is applied again after 
cooling The proposed method, as a 
result of the improvement in plastic 
properties of the metal, makes it possible 
to reliably provide leaktightness of the 
section of the well under repair. 1 table. 
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The invention relates to pressure treatment of metal, in particular to the technology for 
manufacture of corrugated tubes. 

The basic operations in the production process for manufacture of thin-walled 
corrugated tubes is cold working, such as drawing and rolling of tubing, chemical treatment, 
heat treatment to remove residual stresses arising as a result of deformation, and roll forming. 

A method is known for manufacture of tubes with longitudinal flutes by means of a 
two-stage process of forming a tube blank, where in the first stage the blank is fluted by radial 
forces and in the second stage it is reduced in a shaped drawing die. 

However, the residual stresses arising as a result of complex deformation do not 
provide sufficient transverse strength, the metal becomes brittle and 



1749267 
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unsuitable as a patch when repairing casing downhole. 

To remove residual stresses, the tubes are subjected to heat treatment (annealing in 
PSO-06 or PSO-09 furnaces) and an oxide film is achieved on the tubes, fulfilling the function 
of a first coat of lubricant and having sufficient porosity and adsorption capacity for lubricant. 

A method is also knovsm in which thin-walled shaped tubes are straightened out by 
stretclung and expanding with heat on electrothermal equipment. First the tube blank is heated 
by resistance currents up to the annealing temperature, and then after cooling it is expanded 
using a conical mandrel. 

A disadvantage of the method is that, when a patch made from unannealed tubes is 
applied, failure may occur along the generatrix of the profile, and when a patch is applied 
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that is made from annealed tubes followed by corrugation, microcracks may form in grooves 
and ridges of the longitudinal corrugations when they are deformed to a cylindrical shape, 
when it is tightly squeezed (rolled) by the coring head against the inner surface of the casing. 
As a result, the reliability of the leaktight sealing is not assured, due to the low plasticity of the 
metal in the corrugated patch. 

The aim of the invention is to improve the reliability of leaktight sealing of a cased well 
by increasing the plasticity of the metal in the patch. 

The essence of the invention is that heat treatment by high-frequency currents is 
performed after corrugation, and then a lubricant layer is applied again. 

Because the strains to which the metal of the tubes is subjected during corrugation are 
of variable sign both during manufacture of the patches and during expansion in the process of 
downhole placement, significant hardening of the metal occurs, where the greatest hardening 
occurs in the grooves of the corrugated tubes. 

The table shows the change in hardness (Hv) of grade 10 steel with heat treatment, 
corrugation, and expansion of the patch. 

From the table we see that the hardness of the metal in the patch after expanding in a 
casing reaches the highest values if the patch is made from non-heat-treated tubes. When the 
patch is made from pre-heat-treated round tubes, upon corrugation the hardness slightly 
decreases compared with non-heat-treated blanks, but after expansion, the hardness increases 
to almost the same value as without heat treatment. After heat treatment of corrugated tubing 
with heating by high-frequency currents, their hardness decreases significantly, while after 
expansion the hardness is less than for non-heat-treated tubes. 

In contrast to fiimace or gas heating, when a blank is treated with high-frequency 
currents, an insignificant change in the shape of its profile occurs, a thin layer of scale is 
formed on the surface of the tube, which does not flake ofi' during deformation — expansion. A 
lubricant layer is applied to the inner surface of annealed longitudinally corrugated tubes after 
they have cooled. It protects the inner surface from corrosive failure during use and reduces 
the axial forces during expansion of the patch. 
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Example. For repair of a casing of diameter 146 mm with wall thickness 8 mm, a patch 
is made from thin- walled tubing of diameter 130 mm with wall thickness 3 mm, made of grade 
10 steel. Tube length is 9-1 1 .5 m. 

On the inner surface of the tube, a layer of graphite or other lubricant is applied, 
designed to reduce corrugation stresses. Corrugation of cylindrical tubing is carried out on a 
special apparatus through a roller head with internal shaped mandrel. Longitudinally 
corrugated tubing is obtained with outer diameter 1 16 mm and number of corrugations equal 
to 6 or 8. Then the corrugated tubing is straightened after it is cut to the specified length. 

Then heat treatment of the longitudinally corrugated tubing is carried out: normalizing 
with heating by high-frequency currents on a VChG 30/6 apparatus. In this case, the 
longitudinally corrugated tubing is placed horizontally on roller bearings and is advanced 
toward the induction fiimace at a certain speed. 

The tubing is cooled in air. The lubricant that was applied before corrugation is burned 

off. 

Since when the patch is placed in the repair interval downhole, the patch is expanded 
to a round shape and pressed against the wall of the casing, in this case large contact loads 
arise between the patch and the expansion tool. To reduce these loads, a lubricant layer is 
applied on the inner surface of the patch, which serves both to reduce the forces arising during 
expansion of the patch and to protect this surface from corrosive failure during use. 

The combination of heat treatment of the patch after corrugation and application of a 
lubricant layer on the inner surface after heat treatment makes it possible to increase the 
plasticity of the metal in the patch and to accordingly ensure the reliability of the leaktight 
sealing of the repaired casing. 

Claim 

A method for manufacture of corrugated steel patch, preferably for repair of a cased 
well, including heat treatment of a blank, application of a lubricant layer on the inner surface 
of the blank and its corrugation, distinguished by the fad that, with the aim of improving the 
reliability of leaktight sealing of a cased well by 
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increasing the plasticity of the metal in the patch, heat treatment by high-frequency currents 
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is carried out after corrugation and then a lubricant layer is again applied. 



[table under columns 5 and 6] 



Original state of the 
material 


Type of treatment 




Before 
corrugation 


After 
corrugation 


Heat treatment 
after corrugation 
(normalizing) with 

heating by high- 
frequency currents 


After 
expansion 


No heat treatment 


1570 


1750 




2020 


With heat treatment 


1350 


1660 




1966 


No heat treatment 


1570 


1750 


1350 


1750 
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